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Shackleton Crater
Presentation outline

LRO/GSFC/MIT/LOLA

• Use LOLA observations of elevation, roughness and
reflectivity to provide quantitative analysis:
- regional topography, shaded relief, slopes
- crater morphology
- local topography, slopes, roughness, reflectance



• Each 5-m spot provides:
- range to surface
- footprint-scale surface roughness
- 1064-nm reflectance of surface

• Transmitter Energy: 2.7/3.2 mJ

• Diffractive Optical Element: 5 beams
  each 100-µrad divergence (red spot)
• Receiver: 0.14-m diameter
• FOV: 400-µrad each spot (gold area)

• Detectors: 5 fiber optically-coupled
  avalanche photodiodes  ~ 65 m
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LRO/GSFC/MIT/LOLA



Smith et al. [2010]

LOLA
South polar topography
240-m grid



LOLA
South polar shaded relief

Smith et al. [2010]



South polar region
25-m baseline slopes

Smith et al. [2010]



Shackleton floor
Counts in 25-m pixels

LRO/GSFC/MIT/LOLA



Shackleton Crater
Local topography

LRO/GSFC/MIT/LOLA

• Crater
near simple-
complex
transition.
•
Morphology
elements:
- bowl-
shape
- complex
floor
deposits



Shackleton Crater
Stretched color scale

LRO/GSFC/MIT/LOLA

•
Asymmetri
c ejecta



Local detail
600-m crater on rim

LRO/GSFC/MIT/LOLA



Shackleton profiles
25-m grid, E-W

Zuber et al. [2010]

• Symmetry and km-scale smoothness of crater walls.• Crater situated on regional slope.



Shackleton floor
25-m grid, E-W

Zuber et al. [2010]
• Complex distribution of floor deposits.



Shackleton Crater
25-m elevation contours

LRO/GSFC/MIT/LOLA



Shackleton floor
Measurement counts

LRO/GSFC/MIT/LOLA



Shackleton floor
25-m-resolution elevation

LRO/GSFC/MIT/LOLA



Shackleton floor
5-m contours

LRO/GSFC/MIT/LOLA



Shackleton floor
5-m contours

LRO/GSFC/MIT/LOLA

• max
deposit
regional
slope ~18o



NASA/GSFC/MIT/LOLA

Floor profiles
Topography and slope
25-m baselines

Zuber et al. [2010]
V.E. =3:1



Shackleton floor
Parabolic fit; floor deposits

Zuber et al. [2010]

Original cavity
depth, km

Thickness of fill, km % error in measured
depth due to fill

X 3.41 0.67 8.03

Y 3.24 0.54 8.33



Shackleton Crater
25-m baseline slopes

LRO/GSFC/MIT/LOLA

• Wall slopes
>25o; steepest
in south polar
vicinity.



Shackleton Crater
5-m roughness from pulse width

LRO/GSFC/MIT/LOLA

• Few meter
roughness on
crater walls.
• Crater floor
roughness
comparable to
surroundings,
0-1 m on
average.



Shackleton Crater
Bidirectional reflectance

LRO/GSFC/MIT/LOLA

• 1064-nm
reflectance in
crater interior
greater than
surroundings
- -61<β−angle<-
38
- day 127-150



Shackleton Crater
1064-nm reflectance profiles

LRO/GSFC/MIT/LOLA

• Brightness
greatest on
interior crater
wall.
• Crater floor
not as bright
as walls but
brighter than
surroundings.



• Shackleton lies near simple-complex crater transition but morphology fits with
simple crater designation
- parabolic walls
- complex floor deposits, explainable by slumping of wall material

• Other morphological characteristics:
- situated on regional slope
- asymmetric ejecta distribution
- axisymmetric walls, smooth on km scale, rough on meter scale
- meter-scale roughness of crater floor comparable to that external to crater

• 1064-nm bidirectional reflectance
- crater interior brighter than surroundings, including interiors of nearby
craters
- walls are brighter than floor, but floor is brighter than crater exterior



http://www.jaxa.jp/article/special/kaguya/seika02_e.html

• No apparent brightness enhancement on crater floor that
would indicate presence of water ice.

Shackleton crater
Kaguya Terrain Camera
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LOLA
South polar topography

Smith et al. [2010]



LOLA
South polar topography

Smith et al. [2010]



S Pole grid
50 x 50 km2

LRO/GSFC/MIT/LOLA

• Coverage statistics
- 0.71895 of 25-m square bins contain at least one LOLA
spot
- average of 1.48923 spots per bin
- max 21 spots in one bin



N Pole grid
50 x 50 km2

LRO/GSFC/MIT/LOLA

• Coverage statistics
- 0.631268 of the 25-m bins have at least one LOLS spot
- average of 1.11945 spots per bin
- max 13 spots in one bin



Shackleton floor
Floor outline

LRO/GSFC/MIT/LOLA

• 5-m
contours
- solid line:
-2.75 km
- dashed
line: -2.5 km



Floor of Antoniadi

Central region shows a few 100 m of topography over ~100 km.

Zuber et al. [2010]



NASA/GSFC/MIT/LOLA

Profiles
Topography and slope
1/4o baseline

mavg= 0.015± 4.58

Zuber et al. [2010]



Depth-Diameter
Mare Serenitatis

NASA/GSFC/MIT/LOLA
Clark et al. [2010]

• 241 craters
- d/D= 1/5 for simple craters
- d/D= ???

LRO/LROC



Depth-Diameter
Complex craters

NASA/GSFC/MIT/LOLA
Sori et al. [2010]

• Interest in complex crater – basin transition
- craters in SP-A seem deeper but need to assess relative age



• Observations from the Lunar Orbiter Laser Altimeter are
are providing topographic observations of unprecedented
resolution and quality that can be used to study the
morphology of impact basins at many scales.

• Major lunar basins:
- elliptical planforms observed, as expected
- mare basins, SP-A do not notably affect moments

• South Pole-Aitken basin:
- elliptical planform and asymmetric cavity shape
- asymmetrically-placed inner cavity
- partial inner ring remanents identified
- highlands north of basin not primarily ejecta



LOLA
Surface slopes

• Within a 100-m x 50-m along-track
area there are:

− 10 5-m-diameter spots
− slopes with baselines ranging from
25 m to 50 m
− another 23 slopes with baselines of
>50 to <100 m

• For slopes < ± 3o in a 5-m spot, height
precision will be < ± 10 cm and slope
accuracies will be ± 0.3o to 0.15o.

22 measured baselines <50 m

~
10

0 
m

~50 m



North & south poles
240-m resolution shaded relief;
illuminated from equator

LRO/GSFC/MIT/LOLA

North South



Download LOLA polar shaded relief images from:
http://imbrium.mit.edu/LOLA
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Enjoy!!

LRO/GSFC/MIT/LOLA



Tycho
central peak

LRO/GSFC/MIT/LOLA


